Abstract-All the methanol extracts did not show mutagenic activity in Ames/Salmonella and Z. mays MI test systems. Furthermore, some extracts showed significant antimutagenic activity against 9 AA in Ames test system. Inhibition rates for 9 AA mutagenicity ranged from 25.51% (P. furfuracea-0.05 µg/plate) to 66.14% (C. islandica-0.05 µg/plate). In addition, all of the extracts showed significant antimutagenic activity against sodium azide (NaN 3 ) mutagenicity on MI values of Z. mays.
INTRODUCTION
Cancer is one of the most serious diseases in the World initiated by DNA damage, which caused by nat ural or synthetic chemicals in the environment [1, 2] . Many natural or synthetic mutagenic molecules are capable of inducing cancer and many other genetic disorders in living organisms. On the other hand, a number of previous studies have shown that medicinal plants or lichens may have phytochemicals (antimu tagens, anticarcinogens etc.) which can strongly inhibit mutations caused by various agents called as mutagens [3] [4] [5] . Therefore, studies are currently in progress to identify the mutagens in order to minimize the risk and to evaluate antimutagenic properties of the medicinal plants which can be used to battle against mutations and related diseases including can cer [5, 6] .
In vivo and in vitro studies showed that some natu ral compounds which are obtained from the fruits, leaves and roots of plants play regulator roles on xeno biotic effects [7] . The characterization, identification and determination of the antimutagenic and anticar cinogenic effects of these compounds get an important strategy to decrease the development of cancer on human being. Even so some bioactive compounds and their derivatives are observed that inhibiting the car cinogenesis in experimental systems which include beginning, development and spreading phases. Recent research has underlined the chemo preventive activity of several secondary metabolites [3] . 1 The article is published in the original.
Lichens are symbiotic organisms combining algal and fungal properties. They produce a variety of metabolites. Several lichen extracts and their com pounds have been used in traditional medicine in many places around the world [5, [8] [9] [10] [11] . Until now chemical composition and some biological (antimi crobial and antioxidant) activities of the extracts of lichens grow in eastern part of Turkey have been reported [12, 13] . However, there have been few attempts to investigate the mutagenic and antimu tagenic effects of these lichen extracts, which may have pharmacological importance in mutagenesis pre vention. Therefore, the aim of this study was to inves tigate in vitro mutagenic and antimutagenic properties of the methanol extracts from Cetraria islandica (L.) Ach. (Parmeliaceae), Pseudevernia furfuracea (L.) Zopf (Parmeliaceae) and Xanthoparmelia somlöensis (Gyeln.) Hale (Parmeliaceae) lichens.
MATERIAL AND METHODS

Chemicals
Direct acting mutagens sodium azide (NaN 3 ) and 9 amino acridine (9 AA) were obtained from SigmaAldrich (St. Louis, United States) and Merck (Hohen brunn, Germany), respectively. Other solvents and pure chemicals including magnesium sulfate (MgSO 4 
Preparation of Methanol Extracts
Air dried and powdered lichens (10 g) were extracted with 250 ml of methanol using the Soxhlet extractor (Isopad, Germany) for 72 h at a temperature not exceeding the boiling point of the solvent [17] . The extract was filtered using Whatman filter paper (no. 1) and then concentrated in vacuum at 40°C using a rotary evaporator (Buchi Labortechnic AG, Flawil, Switzerland) yielding a waxy material. The extract was then lyophilized and kept in the dark at +4°C until tested.
Bacterial Strains
Salmonella typhimurium (Enteriobacteriaceae) TA1535 (ATCC ® Number: 29629) and S. typhimurium TA1537 (ATCC ® Number: 29630) strains were pro vided by The American Type Culture Collection-Bac teria Department of Georgetown University, Washing ton, United States. These strains were stored at -80°C. Working cultures were prepared by inoculating nutri ent broth with the frozen cultures, followed by an over night incubation at 37°C with gentle agitation [18] .
Viability Assays and Determination of Test Concentrations
For bacterial tests, the toxicity of methanol extracts toward S. typhimurium TA1535 and 1537 strains was determined as described in detail other manuscripts [19, 20] . These tests confirmed that there was normal growth of the background lawn, spontaneous colony numbers within the regular range, and no significant reduction in cell survival.
With the aim to determine test concentrations for the mitotic index (MI) values of root tips in Zea mays L. (Poaceae), increasing concentrations of positive con trol and test materials were prepared. These were exposed to Z. mays seeds, and the germination process was evaluated [21, 22] .
Thus, for the concentrations and conditions reported here, no toxicity or other adverse effects were observed.
AMES Mutagenicity and Antimutagenicity Test System
Ames test is a biological assay to evaluate the mutagenic and antimutagenic potential of the chemi cals. The bacterial mutagenicity and antimutagenicity assays were performed according to described before [23] . The known mutagens NaN 3 (in distilled water-1 μg/plate) for S. typhimurium TA1535 and 9 AA (in methanol-10 μg/plate) for S. typhimurium TA1537 were used as the positive controls and 10% DMSO was used as the negative control in these studies.
In the mutagenicity test performed with TA1535 and TA1537 strains of S. typhimurium, 100 μL of the overnight bacterial culture, 50 μL test compounds at different concentrations (0.05, 0.5, 5 μg/plate in 10% DMSO), and 500 μL phosphate buffer were added to 2 mL of the top agar containing 0.5 mM histidine/ biotin. The mixture was poured onto minimal glucose plates. Histidine independent revertant colonies and viable cells were scored on plates after incubation at 37°C for 48 h.
In the antimutagenicity test performed with the same strains, 100 μL of the overnight bacterial culture, 50 μL mutagen, 50 μL test compounds at different concentrations (0.05, 0.5, 5 μg/plate in 10% DMSO), and 500 μL phosphate buffer were added to 2 ml of the top agar containing 0.5 mM histidine/biotin. The mixture was poured onto minimal glucose plates. His tidine independent revertant colonies and viable cells were scored on plates after incubation at 37°C for 48 h.
The plate incorporation method was used to assess the results of mutagenicity and antimutagenicity assays [24] .
For the mutagenicity assays, the mutagenic index was calculated for each concentration, which is the average number of revertants per plate divided by the average number of revertants per plate with the nega tive (solvent) control. A sample was considered mutagenic when were observed a dose response rela tionship and a two fold increase in the number of mutants with at least one concentration was observed [25] [26] [27] [28] .
For the antimutagenicity assays, the inhibition of mutagenicity was calculated by using the following equation (M: number of revertants/plate induced by mutagen alone, S 0 : number of spontaneous revertants, S 1 : number of revertants/plate induced by the extract plus the mutagen):
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MUTAGENIC AND ANTIMUTAGENIC PROPERTIES OF SOME LICHEN SPECIES GROWN 293 25-40% Inhibition was defined as moderate antimu tagenicity; 40% or more inhibition as strong antimu tagenicity; and 25% or less inhibition as no antimu tagenicity [25, 29, 30] .
Mitotic Index (MI) Values of Root Tips in Z. mays
Mitotic index reflects cell division frequency and used to determine the mutagenic and antimutagenic properties of various materials as significant parameter [31] . In this study, Zea mays seeds, harvested from an experimental population with ensured uniform geno phond, were used to determine mentioned properties of methanol extracts obtained from three lichens (C. islandica, P. furfuracea and X. somlöensis).
In mutagenicity assays, the Petri dishes containing seeds were exposed to test materials at different con centrations (5, 10, 20, 40 μg/plate). Then, the seeds were let to germinate in controlled environmental conditions into an incubator in dark (Binder, Tuttlin gen, Germany). The root tips of germinated seeds were cut and fixed in acetic acid-alcohol (1 : 3) for 24 h and were transferred in 70% alcohol and stored in the fridge. For mitotic preparation, root tips were removed from alcohol and washed with tap water and hydrolised with 1 N HCl, at 60°C for 10 min. Then they were dyed with Feulgen reactive for 3 h [32] . After that root tips were kept in tap water for 15 min. Finally the last parts of root tips which dyed very densely were cut and their crushing preparations in 45% acetic acid were made [33, 34] .
The procedure of mutagenicity test described above is all applicable to the antimutagenicity assay. The only procedural difference is the addition of NaN 3 as mutagenic agent to Petri plates.
Mitotic index was calculated by using the following equation and the results are expressed as means ± standard error.
Statistical Analysis
The results are presented as the average and stan dard error of two experiments with duplicate plates/dose experiment. The data were further ana lyzed for statistical significance using analysis of vari ance (ANOVA), Student's t test and the difference among means was compared by high range statistical domain using Tukey's test. A level of probability was taken as p < 0.05 indicating statistical significance [3, 21] .
RESULTS
The results from the Ames test show that the meth anol extracts have not any mutagenic activity at tested concentrations (Table 1) . Furthermore, these extracts have not any mutagenic effects on Z. mays seed germi nation.
In antimutagenicity assays performed with bacte ria, the results show that the methanol extracts have not antimutagenic activity against NaN 3 mutagenicity
M.I.(%)
TotalCellInDivision TotalCellCounted 100. = on S. typhimurium TA1535 strain, which detects single nucleotide substations. On the contrary, two of the same extracts including C. islandica (0.05 and 0.5 μg/plate) and P. furfuracea (0.05, 0.5 and 5 μg/plate) have anti mutagenic activity against 9 AA mutagenicity on S. typhimurium TA1537 strain, which detects frame shift mutations. The inhibition rates of these extracts were between 25.51% (P. furfuracea-0.05 μg/plate) and 66.14% (C. islandica-0.05 μg/plate). All con centrations of X. somlöensis and 5 μg/plate concentra tion of C. islandica methanol extracts have not any antimutagenic activity on the same strain. The results of bacterial antimutagenicity assays were presented in Table 2 . The results of antimutagenicity assays performed with Z. mays seeds show that all methanol extracts have antimutagenic effects against NaN 3 mutagenicity on seed germination. The mitotic index values of ger minated seeds were increased parallel with increasing concentrations of the test materials (Table 3) .
DISCUSSION
Mutations have wide range effects on living organ isms and are occasionally associated with forming var ious diseases including Tay Sachs disease, Hunting ton's disease, Thalassemia, Cancer, et cetera, as grave human diseases [1, 2, 35] . Because of relationship between mutations and diseases, researching of muta tions has become great importance to prevent harmful effects of mutations. Previous studies showed that lichens have several biological effects on living organ isms such as antimicrobial, antiviral, antioxidant and antimutagenic effects [5, 8, 12, [36] [37] [38] . Depending on mentioned information, our study was designed to According to this study, all methanol extracts have not mutagenic activity on testing organisms, and they can be considered as genotoxically safe at tested con centrations.
In antimutagenicity assays performed with S. typh imurium strains and Z. mays seeds, known mutagens NaN 3 and 9 AA were used to determine antimu tagenic properties of lichen extracts. NaN 3 causes point mutations in several organisms including bacte ria, plants and animals [39] [40] [41] . A lot of studies showed that mutagenesis mechanism of NaN 3 is asso ciated with its metabolite called L azidoline [40] [41] [42] . It can be seen that the lichen extracts inhibit mutagenic activity of NaN 3 on Z. mays seed germina tion. The antimutagenicity of lichen extracts may be explained with their inhibitor activity on the produc tion of L azidoalanine. Although, they do not inhibit NaN 3 mutagenesis on S. typhimurium TA1535 strain. S. typhimurium TA1535 strain has a defect in uvrB gene region, which encodes a subunit of UvrABC endonu clease multienzyme complex, and it is deficient in DNA repair [23, 43] . The difference between results obtained from antimutagenicity assays performed with S. typhimurium TA1535 and Z. mays seeds may be explained that antimutagenic effects of lichen extracts on NaN 3 mutagenesis may be related with their stim ulant effects on DNA repair enzyme systems.
The other mutagen was 9 aminoacridine, which is a member of acridine group and is known as a model frame shift mutagen [40, 44] . In the frame shift mutagenesis mechanism, acridines bind to DNA non covalently by intercalation. Their planar aromatic ring systems insert into the helix parallel to the base pairs [40, 45, 46] . 9 AA used in this study is a simple inter calator. Through intercalation, 9 AA induces frame shift mutations at hotspots in which a single base, especially guanine, is repeated [40, [46] [47] [48] . The anti mutagenicity assay performed with S. typhimurium TA1537 and 9 aminoacridine depends on the inhibi tion of this mechanism by test substances, which were thought as antimutagenic. In this paper, C. islandica and P. furfuracea methanol extracts have antimu tagenic activity in TA1537 strain at different concen trations. These effects may be due to their inhibition capabilities by blocking 9 AA binding to DNA.
In conclusion, all methanol extracts examined in this paper could be considered as genotoxically safe at the tested concentrations and some of them provided important antimutagenic properties. Further investi gation is necessary because these activities are valuable towards an extension of the employ of these drugs as new phytotherapeutic or preservative ingredients.
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